The first phytochemical investigation of the leaves and twigs of Santisukia pagetii (Bignoniaceae) using a bioassay-guided fractionation led to the isolation and identification of seventeen known compounds, including four triterpenoids, 3-O-acetylpomolic acid (1), ursolic acid (2), 3-O-acetylursolic acid (3) and siaresinolic acid (4), three iridoid glycosides, specioside (5), verminoside (6) and ambiguuside (7), three flavonoid glycosides, luteolin-7-O-neohesperidoside (8), apigenin-7-O-neohesperidoside (9) and isoquercitrin (10), two phenolic compounds, p-coumaric acid (11) and caffeic acid (12), one monoterpenoid, (6S)-menthiafolic acid (13), together with α-D-glucose (14), β-D-maltose (15), β-sitosterol 3-O-β-D-glucopyranoside (16), a mixture of β-sitosterol (17A) and stigmasterol (17B). Compounds 113 were isolated from Santisukia genus for the first time. In addition, compounds 17, 9 and 10 were found to be active against HIV-1 in anti-syncytium assay, while only compounds 1 and 3 were found to be active (84.4% and 87.2% inhibition at 200 µg/mL, with IC 50 values of 290.96 and 210.34 µM, respectively) against HIV-1 reverse transcriptase. Moreover, anti-HIV-1 activities of compounds 1, 38, and 13 were reported for the first time.
Santisukia is a rare genus of the Bignoniaceae family, which comprises 120 genera and 800 species, found in the tropical and subtropical regions of the world [1] . In Thailand, 28 genera of the Bignoniaceae family have been reported [2] . So far, only 2 species, including Santisukia kerrii and Santisukia pagetii have been found [2] . The leaves and branches of S. kerrii, found in Khon Kaen province, were reported to contain verbascoside derivatives, phenolic glycosides, phenolic compounds and one iridoid [3] . However, no phytochemical investigation and biological studies of S. pagetii have been previously reported.
Santisukia pagetii, known as "Khae Khao" or "Kanchanika" in Thai, is endemic to the southwestern of Thailand (Kanchanaburi province) [1, 2] . In this research, the structure identification and anti-HIV-1 activities of the isolated compounds from S. pagetii were investigated. The isolation of the EtOAcMeOH (1:1) fraction obtained by dissolving the MeOH extract of the leaves and twigs of S. pagetii has led to the isolation of seventeen known compounds, i.e. 3-O-acetylpomolic acid (1) [4] , ursolic acid (2) [5] , 3-O-acetylursolic acid (3) [6] , siaresinolic acid (4) [7] , specioside (5) [8] , verminoside (6) [9] , ambiguuside (7) [10] , luteolin-7-O-neohesperidoside (8) [11] , apigenin-7-Oneohesperidoside (9) [12] , isoquercitrin (10) [13] , p-coumaric acid (11) [14] , caffeic acid (12) [15] , (6S)-menthiafolic acid (13) [10] , α-D-glucose (14) [16] , β-D-maltose (15) [17] , β-sitosterol 3-O-β-D-glucopyranoside (16) [18] , as well as a mixture of β-sitosterol (17A) and stigmasterol (17B) [18] . These structures were identified by direct comparison of their spectroscopic and physical data with those previously reported in the literature [418]. From previous research, plants of the Bignoniaceae family exhibited several interesting biological activities. The investigation of volatile constituents of the essential oil from hydrodistilled and n-hexane extracted leaves of Jacaranda acutifolia exhibited antimicrobial activity as determined by an agar diffusion method [19] . Triterpenoids with antimalarial activity were found in Spathodea campanulata [20] , while triterpenoids from Kigelia africana showed anti-tumor activity [21] . Anti-HIV-1 activity of triterpene acid was also reported from Pyrostegia venusta [22] . Iridoids from Kigelia pinnata showed antiamoebic activity [23] and stimulation of GLUT4 translocation [24] . Some phenolic compounds isolated from Pyrostegia venusta were found to have anticandidal and antioxidant activities [25] . Several flavonoids from Jacaranda obtusifolia were reported to possess anticancer activity [26] , whereas flavonoids from Macfadyena unguis-cati showed cytotoxic and antiinflammatory activities [27] . As there were only a few reports concerning the anti-HIV-1 activities of Bignoniaceae plants, the anti-HIV-1 activities of the isolated compounds 113 from Santisukia pagetii are reported here. ) ** RT assay: Extract, fractions and subfractions were tested at 200 g/mL. Only those that inhibited RT activity more than 70% at this concentration were further determined for IC 50 , the dose that inhibited 50% HIV-1 RT activity; VA= very active (>70% inhibition), M = moderately active (>50% to 70% inhibition), W = weakly active (30% to 50% inhibition), I = inactive (<30% inhibition). Nevirapine (positive control), averaged from two independent experiments, IC 50 9.67 M. -3 M, IC 50 > 10 -2 M; A = active (SI >1), I = inactive, T= toxic, SI = Selectivity Index (SI = IC 50 /EC 50 ). ** RT assay: Compounds were tested at 200 g/mL. Only those that inhibited RT activity more than 70% at this concentration and not toxic in the anti-syncytium assay were further determined for IC 50 , the dose that inhibited 50% HIV-1 RT activity; VA= very active (>70% inhibition), M = moderately active (>50% to 70% inhibition), W = weakly active (30% to 50% inhibition), I = inactive (<30% inhibition), ND = not determined. Nevirapine (positive control), averaged from three independent experiments, IC 50 ). Optical rotations were measured on a JASCO DIP 370 digital polarimeter by using a 50 mm microcell (1 mL). Ultraviolet absorption spectra were measured in methanol solution on a JASCO 530 spectrophotometer. Principle bands ( max ) were reported as wavelengths (nm) and log. Low resolution EI mass spectra were recorded on a Thermo Finnigan Polaris Q mass spectrometer at 70 eV (probe) and ESIMS on a Bruker Esquire spectrometer at Faculty of Science, Mahidol University. The high resolution mass spectra (HRMS) were recorded on Micromass model VQ-TOF2 at Faculty of Science, Mahidol University. The high resolution nuclear magnetic resonance spectra in deuterochloroform, dimethyl sulfoxide-d 6 , deuteromethanol and pyridine-d 5 
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Extraction and isolation:
The air-dried and finely powdered leaves and twigs (3.1 kg) were percolated with methanol (5 times x 7L) at room temperature, followed by filtration. The filtrate was evaporated under reduced pressure to obtain a crude methanol extract (429.4 g). The methanol extract was sequentially dissolved with MeOH-EtOAc (1:1, 5 L) and MeOH (2 L), respectively. After removal of solvents under reduced pressure, the obtained 1:1 MeOH-EtOAc extract (272.4 g) was separated by vacuum chromatography over silica gel on a sintered glass funnel (2 x silica gel, 250 g, 3.5 x i.d.13 cm), eluting with hexanes, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90% EtOAchexanes, EtOAc, 1, 3, 5, 7 , 9, 10, 20, 30, 50% MeOHEtOAc and finally with MeOH, respectively. Fractions (500 mL each) were collected and combined on the basis of TLC characteristics to provide six fractions (A 1 A 6 ) after removal of solvents. Fraction A 2 (23.4 g, eluted by 1525% EtOAchexanes) was subjected to a silica gel CC, eluting with 20% EtOAchexanes to give 3-O-acetylpomolic acid (1, 169.6 mg), 3-O-acetylursolic acid (3, 58.4 mg) and a mixture of β-sitosterol and stigmasterol (17A/17B (3:1), 297.1 mg) after recrystallization from MeOHCH 2 Cl 2 . Fraction A 3 (8.4 g, eluted by 30−50% EtOAchexanes) was subjected to a silica gel CC, eluting with 25% acetone−hexanes to afford (6S)-menthiafolic acid ( Anti-HIV-1 reverse transcriptase assay: Samples (20 mg/mL) were prepared as stock by dissolving in DMSO. Then, tannin was removed from samples as reported previously by Tan et al. [28] . According to the manufacturer's instruction, the tannin-free samples were tested for inhibitory activity against RT by using EnzChek Reverse Transcriptase Assay Kit (Molecular Probes, USA). The poly(A) ribonucleotide template and oligo d(T) 16 primer (20:1 weight ratio) were mixed for 1 hour at room temperature, and the mixture was diluted 200 fold with polymerization buffer (60 mM Tris-HCl, 60 mM KCl, 8 mM MgCl 2 , 13 mM DTT and 100 μM dTTP, pH 8.1). In a 96-well plate, the diluted template/primer mixture (4 μL), reverse transcriptase enzyme (0.70 U, Merck, USA) and the sample (final concentration of 200 μg/mL) were mixed and incubated for 1 hour at 37 o C. Two μL/well of 200 mM EDTA was added to stop the RT enzyme activity, and then 200 μL of a working solution of PicoGreen dsDNA quantitation reagent (345-fold dilution of the provided stock) was added. The plate was further incubated in the dark for 5 min at room temperature and taken to a microplate reader (Perkin Elmer, USA) for the fluorescence measurement with the excitation and emission wavelengths of 485 and 535 nm, respectively. In this experiment, nevirapine, a known RT inhibitor, was used as a positive control, whereas wells that had no tested samples served as negative control. Each data point was done in triplicate. The data were calculated, averaged, and expressed as percentage of inhibition compared with the negative control (set as 100 percent). For determination of IC 50 , the IC 50 values were estimated from the dose-response curves which had coefficient of determination (R 2 )  0.9.
Anti-syncytium assay: Samples were evaluated for the ability to reduce syncytium formation by using ΔTat/Rev MC99 and 1A2 cell line system [29, 30] . 5x10 4 cells/well of 1A2 cells which is a Tat/Rev transfected T4 leukemic cell line were mixed with various concentrations (3.9250 μg/mL) of tested samples in a 96-well plate for 1 h at 37 o C. Then, the ΔTat/Rev MC99 virus (100200 syncytium formation units/50 μL) was added to the cell:sample mixture, and the plate was incubated further for 3 days at 37°C. Numbers of syncytium formations were recorded by counting under an inverted microscope. Controls of this experiment included cells only, cells with the sample only (no virus) and cells with the virus only (no tested sample). Moreover, azidothymidine (AZT), a known anti-HIV drug, was used as a positive control. The results of anti-HIV-1 activity were evaluated by median effect equation [31] . These results showed the effective concentration of samples that reduced syncytium formation by 50% (EC 50 ) in comparison with the results of no tested sample control. Each data point was done in triplicate. To determine the cytotoxicity of the tested sample, no virus was added to the cell:sample mixture in the tested well. After incubation for 3 days at 37°C, the cytotoxic activity was assessed by XTT assay (Sigma, USA). The concentration of the samples that inhibited cell viability by 50% (IC 50 ) was determined and the selectivity index (SI) for each sample was calculated as the ratio of IC 50 to EC 50 .
Supplementary data:
The spectroscopic and physical data of compounds 1−17 are also available.
